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SPECIFICATION 

[TITLE OF THE INVENTION] RECORDING AND REPRODUCING OBJECTIVE 
LENS FOR OPTICAL INFORMATION RECORDING MEDIUM 
[ABSTRACT] 

[Theme] To obtain an objective lens which can be molded to be 
integrated with a bobbin and can restrict the light flux 
converging diameter in- the construction of the objective lens 
for an optical pickup. 

[Solution Means] On the refractive surface SI at the light 
source side of objective lens 1 molded to be integrated with 
bobbin 2, at a position corresponding to the numerical aperture 
NA at the optical information recording medium side which is 
required in accordance with the wavelength of a laser light 
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source and information recording density, step 3 is formed as 
a portion at which the normal line direction of the refractive 
surface discontinuously changes, whereby a light flux that has 
passed through the refractive surface outside discontinuous 
portion 3 does not converge on the inside light flux converging 
point, the light flux diameter that is effective for recording 
and reproducing is restricted by this discontinuous portion 
3, and the light flux becomes converged light with a 
predetermined numerical aperture NA. 
[WHAT IS CLAIMED IS;] 

[Claim 1] A recording and reproducing objective lens for an 
optical pickup of an optical information recording medium 
comprising: a laser light source, an objective lens with 
positive refractive power for converging a light flux that has 
almost no aberrations from the laser light source on the 
information recording surface via a transparent substrate of 
the optical information recording medium, and a light receiving 
means for receiving the light flux that has been reflected by 
the information recording surface and passed through the 
objective lens, wherein a portion at which the normal line 
direction of the refractive surface discontinuously changes 
is formed at a position corresponding to the numerical aperture 
NA at the optical information recording medium side required 
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in accordance with the wavelength of the laser light source 
and the information recording density on the refractive surface 
of the objective lens, whereby the light flux converging 
diameter is restricted. 

[Claim 2] A recording and reproducing objective lens for an 
optical information recording medium according to Claim 1, 
wherein the objective lens is constructed as a single lens, 
and the portion at which the normal line direction of the 
refractive surface discontinuously changes is provided on the 
surface at. the light source side of the objective lens. 
[Claim 3] A recording and reproducing objective lens for an 
optical information recording medium according to Claim 1 or 
2, wherein the portion at which the normal line direction of 
the refractive surface discontinuously changes is a step 
provided. on the refractive surface. 

[Claim 4] A recording and reproducing objective lens for an 
optical information recording medium according to Claim 3, 
wherein the step surface is formed so as not to have undercuts. 
[Claim 5] A recording and reproducing objective lens for an 
optical information recording medium according to Claim 3 or 
4, wherein the height A in- the optical axial direction of the 
step is 
A/A < 200/8. 
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[Claim 6] A recording and reproducing objective lens for an 
optical information recording medium according to any of Claims 
1 through 5, wherein the function showing the surface form at 
the optical axial side from the portion at which the normal 
line direction of the refractive surface discontinuously 
changes is defined as f (h) , and the function showing the surface 
form outside- -the step is defined as g(h), - 
f'(h)#g'(h), .. 

where h shows the height from the optical axis. 
[Claim 7] A recording and reproducing objective lens for an 
optical information recording medium according to any of Claims 
1 through 6, wherein spherical aberration occurring due to the 
surface form g(h) goes under in comparison with the spherical 
aberration occurring when the surface form f (h) is extended 
to the circumferential portion. 

[Claim 8] A recording and reproducing objective lens for an 
optical information recording medium according to any of Claims 
1 through 6, wherein spherical aberration occurring due to the 
surface form g(h) goes over in comparison with the spherical 
aberration occurring when the surface form f (h) is extended 
to the circumferential portion. 

[Claim 9] A recording and reproducing objective lens for an 
optical information recording medium according to Claims 1 
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through 8, wherein the objective lens is formed from a single 

transparent material in an integrated manner including the 

portion at which the normal line direction of the refractive 

surface- discontinuously changes. 

[ DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Field -of the Invention] The. present invention relates to a 
recording and reproducing objective lens for an optical pickup 
of an optical information recording medium, more specifically, 
a recording and reproducing objective lens for an optical 
information recording medium in which a portion for restricting 
the light flux converging diameter is provided at a position 
corresponding to the necessary numerical aperture NA at the 
optical information recording medium side in an integrated 
manner . 
[0002] 

[Prior Arts] Recently, reductions in size, weight, and cost 
have been demanded for an optical pickup of an optical 
information recording medium comprising a laser light source, 
an objective lens with positive refractive power for converging 
a light flux having almost no - aberrations on the information 
recording surface via a transparent substrate of the optical 
information recording medium, and a light receiving means for 
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receiving the light flux that has been reflected by the 
information recording surface and passed through the objective 
lens. To meet such demands, the objective lens is normally a 
single lens, and as shown in Fig. 5, in many structures, molded 
lens 11 is closely adhered to member 12 which also serves as 
a bobbin for a coil to be used for driving such as focusing. 
In the objective lens, a constant numerical aperture NA at the 
optical information recording medium side is required in 
accordance with the wavelength of the laser light source and 
the information recording density, and in order to obtain a 
light flux converging diameter corresponding to this numerical 
aperture, aperture stop 13 projecting so as to cover the surface 
of the objective lens 11 up to a necessary portion is provided 
on this member 12. 

[0003] To further reduce the size and weight of the 
abovementioned objective lens, an objective lens molded in an 
integrated manner with a bobbin has been proposed (in, for 
example, Japanese Unexamined Patent Publication No. Sho- 
61-148637 and others) . However, in such an objective lens, even 
if it is attempted to mold aperture stop 13 shown in Fig. 5 
an integrated manner with the objective lens 11, they cannot 
be taken out from the mold, so that such molding is not possible . 
In addition, a method in which an aperture stop is separately 
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molded and installed into an objective lens makes the process 
.complicated and is contrary to the object of reducing the cost. 
Furthermore, in the case where an aperture stop is separately 
molded and installed, a space is'easily generated between the 
aperture stop and the refractive surface of a lens, and due 
to this space, aberration becomes great since the diagonal 
incidence light passes through nearer the circumferential 
portion of the lens. 
[0004] 

[Problems to be Solved by the Invention] By the invention, an 
objective lens for an optical pickup by monolithic molding 
using a transparent material without additional members and 
processes, which is provided with a function to obtain a 
converging light flux required for recording and reproducing 
information onto and from an optical information recording 
medium is obtained. 

[0005] . 

[Means for Solving Themes] A recording and reproducing 
objective lens for an optical pickup of an optical information 
recording medium according to the invention comprises a laser 
light source, an objective lens with positive refractive power 
for converging a light flux having almost no aberrations from 
the laser light source on the information recording surface 
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via a transparent substrate of the optical information 
recording medium, and a light receiving means for receiving 
the light flux that has been reflected by the information 
recording surface and passed through the objective lens, 
wherein, at a position corresponding to the numerical aperture 
NA at the optical information recording medium side required 
in accordance with the wavelength of the laser light source 
and the information recording density on. the refractive surface 
at the light source side of the objective lens, a portion at 
which the normal line direction of the refractive surface 
discontinuously changes is provided to restrict the light flux 
converging diameter. It is preferable that this objective lens 
is a single lens, and the portion at which the normal line 
direction of the refractive surface discontinuously changes 
is formed on the surface at the light source side. More 
specifically, as shown in Fig. 1, by providing step 3 on the 
refractive surface^Sl at the light source side of the objective 
lens 1 molded monolithically with the bobbin 2, discontinuity 
of the normal line direction can be secured to be great . Thereby, 
the light flux that has passed through the refractive surface 
outside rather than the discontinuous portion 3 does not 
converge on the inside light flux converging point, and the 
light flux diameter effective for recording and reproducing 



is restricted by this discontinuous portion 3, and the light 
flux becomes a converged light with a predetermined numerical 
aperture NA. In addition, in the section DETAILED DESCRIPTION 
OF THE INVENTION, the discontinuous portion 3 is provided to 
be a streak SI on the refractive surface, however, the effect 
for restricting the light flux converging diameter is identical 
even when the discontinuous portion 3 is provided on the 
■diffractive surface or reflective surface, and in this 
specification, the "refractive surface" should be interpreted 
so as to include the diffractive surface or reflective surface. 
[0006] 

[Preferred Embodiment] More concretely, in the recording and 
reproducing objective lens having the discontinuous portion 
3, with reference to Fig. 2, on supposition that the light 
source wavelength is A, when the discontinuous portion is step 
3, the height A in the direction of the optical axis 0 of this 
step is desirably 
A/A < 200/8. 

If the height A becomes higher than this, the refractive surface 
easily sags at the transfer portion from the refractive surface 
SI to the step. In addition, as shown in Fig. 2, in the case 
where the outside refractive surface S2 displaces toward the 
optical information recording medium side, the angle 9 with 
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respect to the surface perpendicular to the optical axis 0 of 
the step surface is desirably more than 90°. Thereby, the step 
has a form without undercuts, and molding becomes easy. To the 
contrary, if the refractive surface S2 displaces toward the 
optical axis side, the angle becomes less than 90°. 
[0007] In the abovementioned recording and reproducing 
objective lens, on the supposition that the height from the 
optical axis is defined as h, and the function showing the form 
of the portion at which the normal line direction of the 
refractive surface .discontinuously changes, that is, the 
function showing the form of the surface SI at the optical axis 
side from step 3 in the lens of Fig. 2. is defined as f (h), and 
the function showing the form of the surface S2 outside the 
step is defined as g(h), the differential functions f (h) and 
g' (h) must satisfy 
f (h) # g' (h) . 
If the surface form is 
f (h) = g' (h), 

the light flux from the outside surface S2 and the light flux 
from the inside surface SI converge on the same point. 
[0008] At this time, spherical aberration occurring due to the 
•surface form g(h) is desirably under in comparison with the 
spherical aberration occurring when the surface form f (h) is 
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extended to the circumferential portion. Generally, focusing 
operation of the objective lens is carried out so that the lens 
approaches the transparent substrate from a distant position 
in order to prevent contact between the objective lens and 
transparent substrate. At this time, if the spherical 
aberration occurring due' to the surface form g(h) is over, the 
focusing detecting means detects a focusing position of the 
light flux that has permeated the surface S2 b'efore the true 
focusing position. However, in many cases where such detection 
.of erroneous focusin.g positions can be prevented by a signal 
processing circuit, it is desirable that the spherical 
aberration occurring due to the surface form g(h) is over in 
comparison with the spherical aberration occurring when the 
surface form f (h) is extended to the circumferential portion. 
The surface form which causes the over spherical aberration 
is a surface with a weaker curvature than that of the surface 
form .f(h), and this is advantageous for securing the 
circumferential thickness of the objective lens. 
[0009] The abovementioned objective lens is monolithically 
molded from a single transparent material including the portion 
at which the normal line direction of the refractive surface 
discontinuously changes. It is a matter of course that 
monolithic molding of the objective lens 1 and the bobbin 2 
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is desirable, however, even the case of molding the objective 
lens 1 alone is superior to the conventional product shown in 
Fig. 3. Not only does the aperture stop 13 become unnecessary 
when molding the bobbin, but also the light flux diameter 
restricting portion is formed on the refractive surface itself, 
so that deterioration o'f aberrations does not occur even in 
the case of diagonal incidence light. 
[0010] " 

[Examples] Hereinafter, examples of the objective lens of the 
invention are shown. '.In the Tables, i shows the surface number, 
ri shows the radius of curvature, di shows the surface interval, 
and ni shows the refractive index. The equation showing the 
aspherical surface form is: 
[Equation 1] 

x- , h2/r + I Ajh* 

1 + ^1 — (1 + k) (h / r) 2 j 

In this equation, x shows' the axis in the optical axial 

direction, h shows the axis perpendicular to the optical axis, 

and on supposition that the light progressing direction is 

positive, r shows the paraxial radius of curvature, k shows 

the constant of the cone, Aj is the aspherical coefficient, 

and Pj is the power of the aspherical surface (Pj^3) . 

[0011] 
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Example 1 

Light source wavelength: 780nm 
Horizontal magnification: -1/5.0 
Focal length: 3.22mm 
Image side numerical aperture: 0.45 

i ri di ni 

1(*1, *1') 2.360 2.55 t 1.53 

2(*2) -3.848 1.88 1-0 

3 - 1.20 



Aspherical surface data 

*1 O^h^l.736 ( h: height of the lens surface from 

k=-0. 65899 the optical axis) 

A-^— — 0 . 19126 x 3.0~ 2 Pi= ^ 

A 2 =-0.42737*10" 3 ?2= 6 

A 3 =-0. 14471xl0" 4 P 3 = 8 

A 4 =-0.55726xl0" 5 P<=10 
*1' 1.736<h (h: height of the lens surface from 

the optical axis) 

d/= 2.55 (However, d/ shows the interval on 

the optical axis between the 
intersection of the surface of the 
surface i=l' extended to the optical 
axis (h=0) following the equation 
showing the aspherical surface form 
and the optical axis, and the surface 
i=2.) 



k=-0. 65899 

A 1 =-0.19126xl0* 2 P x = 4 

A 2 =-0.20000*10" 3 P 2 = 6 

A 3 =-0.10000xl0" 4 P 3 = 8 

A 4 =-0.30000xl0" 5 P 4 =10 
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k— 0. 99125x10 

a^-o^stssxio" 2 

A 2 =-0. 42999x10-" 
A3=-0.40216xl0 _ ' ! 
A 4 =-0.33548xl0 -5 



P 1= 4 
P 2 = 6 
P 3 = 8 
P 4 =10 



The diagram of spherical aberration of this example is shown 
in Fig. 3. 

Example 2 

Light source wavelength: 780nm 
Horizontal magnification: -1/5.0 
Focal length: 3.22mm 



0,45 



Image side numerical aperture 
i ri 
1(*1, *1') 2.360 2.55 

2(*2) -3.848 1.88 

3 - 1.20 



di 



ni 



1.53 
1.0 



Aspherical surface data 
*1 O^h^l.736 
k=-0. 65899 
A 1 =-0.19126xl0" 2 
A 2 =-0.42737xl0" 3 
A 3 =-0.14471xl0" 4 
A 4 =-0.55726xl0" 5 
*1' "1.736<h 



d/= 2.557232 



(h: height of the lens surface from 
the optical axis) 



P 2 = 6 



P 4 =10 

(h: height of the lens surface from 
the optical axis) 

(However, d/ shows the interval on 
the optical axis between the 
intersection of the surface of the 
surface i=l' extended to the optical 
axis (h=0) following the equation 
showing the aspherical surface form 
and the optical axis, and the surface 
i=2.) 
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k=-0. 65899 

A 1 =-0.19126xl0* 2 P x = 4 

A 2 =-0.20000*10" 3 P 2 = 6 

A 3 =-0. lOOOOxlO" 4 P 3 = 8 

A 4 =-0.30000xl0" 5 P,=10 
*2 -k=-0. 99125x10 ^ 

A^-O^STSSxlO" 2 P x = 4 

A 2 =-0.42999*10" 4 P 2 = 6 

A 3 =-0.40216*10" 4 P 3 = 8 

A 4 =-0.33548*10" 5 P 4 =10 

The diagram of spherical .aberration .of this example is shown 

in Fig. 4. 

[0013] 

[Effects of the Invention] This objective lens for an optical 
pickup according to the invention is provided with a function 
for obtaining converged light flux required for recording and 
reproducing information onto and from an optical information 
recording medium by monolithic molding using a transparent . 
material without additional members and processes, whereby 
reductions in size, weight, and cost of an optical pickup can 
be realized. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A conceptual view showing the construction of an 
example of the recording and reproducing objective single lens 
for an optical pickup according to the invention. 
[Fig. 2] A partially enlarged view showing the construction 
of the step of an example of the recording and reproducing 
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objective single lens for an optical pickup according to the 
invention. 

[Fig. 3] A spherical aberration diagram of an example of the 
recording and reproducing objective single lens for an optical 
pickup according to the invention. 

[Fig. 4] A spherical aberration diagram of another example of 
the recording and reproducing objective single lens for an 
optical pickup according to the invention. 

[Fig. 5] A conceptual view showing the construction of a 
conventional optical pickup. 
[Description of Symbols] 

1, 11 objective lens 

2, 12 bobbin 
3 step 

13 aperture stop 
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